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Background. There is a lack of speciﬁc knowledge about the dose–response eﬀect of multiple parental risk factors for
suicide attempts among children and adolescents. The aim of this study was to determine the dose–response eﬀect of
multiple parental risk factors on an oﬀspring’s risk for suicide attempt.
Method. We designed a population-based two-generation nested case–control study and used Danish register data.
A population of 403 431 individuals born between 1983 and 1989 was sampled. Among these, 3465 (0.8%) were
registered as having had a suicide attempt. Twenty controls were matched to each case and a link to the oﬀspring’s
biological parents was established.
Results. There was a dose–response relationship between the number of exposures and the risk of suicide attempts,
with the increased risk seeming to be a multiplicative eﬀect. Parental suicide, suicide attempt, psychiatric illness and
low level of income were all signiﬁcant independent risk factors for oﬀspring’s suicide attempts.
Conclusions. Knowledge of the eﬀect of multiple risk factors on the likelihood of suicide attempts in children and
adolescents is important for risk assessment. Dose–response eﬀects of multiple parental risk factors are multiplicative,
but it is rare for children and adolescents to be exposed to multiple parental risk factors simultaneously. Never-
theless, they should be considered along with the oﬀspring’s own multiple risk factors in determining the overall risk
of a suicide attempt. Further research incorporating both parental and oﬀspring’s risk factors is indicated to
determine the overall dose–response eﬀect of multiple risk factors.
Received 1 December 2009 ; Revised 4 March 2010 ; Accepted 18 March 2010 ; First published online 21 April 2010
Key words : Dose–response, youth suicide attempts, parental risk factors.
Introduction
As a result of careful longitudinal studies there has
been statistically signiﬁcant conﬁrmation of long-held
clinical beliefs about risk factors for suicidal behav-
iour. Thus, mental disorders, including depression,
schizophrenia, substance abuse and personality dis-
order, adverse childhood events, such as loss of a
parent and child sexual abuse, and other factors, such
as gender identity concerns, indigenous status and
relationship diﬃculties, are associated with either
subsequent serious suicide attempts or with suicide
(Goldney, 2008). However, it is not always clear how
important each of these potential predictors may be,
or what their risk may be in combination. For ex-
ample, odds ratios (ORs) of 33.4, 16.8, 3.7 and 1.6 have
been calculated for mood disorders, non-aﬀective
psychosis, personality disorder and substance use
disorders respectively for future suicide attempts in
individuals aged o18 years (Beautrais et al. 1996).
In addition, Danish population (aged 9–103 years)
attributable risk (PAR) data have indicated that psy-
chiatric illness requiring hospitalization is of over-
whelming importance in contributing to suicide, with
a PAR of 40.3% compared to the next most signiﬁcant
issues, those being on an aged pension (10.2%), having
the lowest quartile income (8.8%), having a sickness-
related absence from work (6.4%) and being on a dis-
ability pension (3.2%) (Mortensen et al. 2000 ; Qin
et al. 2003). Another Danish population-based nested
case–control study of risk factors for suicide in young
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people showed a PAR of 15.0% for admission for own
mental illness and PARs of 3.9% (father) and 6.4%
(mother) for parental admission for mental illness
(Agerbo et al. 2002).
It has also been demonstrated that the impact
of multiple risk factors is considerable. For example,
in a study that examined clinical risk factors predomi-
nantly in those who had attempted suicide, albeit with
some parental data included, Beautrais (1996) noted
that ‘ it is clear that with increasing risk factor ex-
posure for suicide attempts, odds of risk of serious
attempt rise dramatically ’. She calculated that the
odds of a serious suicide attempt for those with three
or four risk factors compared to those with fewer risk
factors was 10.1 [95% conﬁdence interval (CI) 4.3–
25.6], and for those with ﬁve or more risk factors
compared to those with less than three, the OR rose
to 127.4 (95% CI 48.6–334.2). Using the same data,
Beautrais et al. (1996) reported that the risk of a suicide
attempt increased with psychiatric morbidity, with
subjects with two or more disorders having an OR of
serious suicide attempt 89.7 times that of persons with
no psychiatric disorder.
These ﬁndings suggest that the overall risk for
clinical risk factors is more than a simple additive ef-
fect of individual risk factors, and it would seem that,
with an increasing number of clinical risk factors,
the risk of suicidal behaviour increases considerably.
Although this is congruent with clinical experience,
it has not yet been incorporated into potentially useful
algorithms.
Multiple parental risk factors might also raise
the risk of suicidal behaviour in oﬀspring. However,
to the best of our knowledge, this has not yet been
examined, probably in part because a limiting factor
in researching this statistically is the low base rate of
suicide among adolescents (Nordentoft, 2007). The
availability of large population registers has now
allowed this issue to be explored in more detail in re-
lation to suicide attempts, although even with such
large registers suicide per se cannot be examined.
The present research is a two-generation study of
Danish register data designed to examine the relation-
ship between parental risk factors and their oﬀspring’s
risk for a suicide attempt. The hypothesis was that
there existed a dose–response eﬀect from multiple
parental risk factors on an oﬀspring’s risk for suicide
attempt, and that this was more than additive. In ad-
dition to a test for trend, we included an assessment
of the PAR for multiple parental risk factors. The PAR
analyses the number of those exposed to a given risk
factor relative to the strength of the risk factor, and
provides a theoretical measure of the reduction in in-
cidence, if no individuals were to be exposed to that
risk factor. Therefore, an analysis of the PAR gives
an insight into the potential for reduction in incidence
of a condition, in this case a suicide attempt, from the
elimination of either individual or multiple parental
risk factors.
Method
Data source
Denmark has several longitudinal administrative
registers that are used to administer payment between
public authorities and the service providers. They also
provide a unique opportunity for longitudinal regis-
ter-based research. Each individual in Denmark has a
personal civil registration number (CPR) (Pedersen
et al. 2006). We used these CPR numbers to merge data
from various registers, including the Fertility Database
(Knudsen, 1998), the Causes of Death Register (The
Danish National Board of Health, 1992), the National
Patient Registry (Andersen et al. 1999), the Danish
Psychiatric Central Register (Munk-Jørgensen &
Mortensen, 1997) and the Register of Income.
Sample
A study population of every individual born between
1983 and 1989, and who had ever lived in Denmark,
was sampled from the Danish Fertility Database
(Knudsen, 1998). For all cases the date of the ﬁrst
registered suicide attempt was identiﬁed. To control
the inﬂuence of gender and age on risk, a nested case–
control study was designed. As recommended by
Breslow et al. (1983), a large number of controls
(20 non-attempters) were matched to every attempter
(case) by gender and age, on the date of the case’s
suicide attempt (matching date).
A suicide attempt was deﬁned as close as possible
to the World Health Organization (WHO) criteria
(Bille-Brahe et al. 1995). It included a contact for
somatic care when given a contact code E4 (suicide
attempt) and an ICD-10 diagnosis in the range S617–
S619, X60–X84, T36–T60 and T65. For ICD-8 it was
deﬁned as given a diagnosis in the range E9500–E9599
and for contact to mental department it was deﬁned
as given a suicide attempt diagnosis in the range
X60–X84. We searched through all records in the
register, which includes all in-patient, out-patient
and emergency department (somatic and psychiatric)
contacts.
A link to the oﬀspring’s biological parents was
established and information on parental status of
suicide attempts, cause of death, psychiatric history
and income was analysed. We only analysed retro-
spective data, that is data before the oﬀspring’s
matching date.
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Analysis
The case–control data were analysed using conditional
logistic regression with each case forming a separate
stratum. As the controls were selected randomly with-
in the appropriate risk sets, estimated rates are called
rate ratios (RRs ; King & Zeng, 2002).
Parental characteristics, analysed as risk factors,
were coded as dummy variables and analysed on a
crude and adjusted level. In the adjusted analysis the
risk factors were controlled for potential confounder
eﬀects from age of the oﬀspring’s mother and the
oﬀspring’s psychiatric history. To analyse the cumu-
lative eﬀect from the risk factors, the number of
risk factors for every individual were counted. Four
dummy variables were coded according to the num-
ber of risk factors (one, two, three or four risk factors).
‘Zero risk factor ’ was held as baseline.
Parental suicide attempt was deﬁned when contact
for somatic or psychiatric care was given a suicide
attempt diagnosis. Parental death was deﬁned by
identifying dead parents and using the cause of death
code from the register. Parental psychiatric history
was deﬁned as having had a contact for psychiatric
care. Parental income was created by adding together
both parents’ income in the year before the oﬀspring’s
suicide attempt, adjusting it for inﬂation and grouping
it into four categories : lowest third, middle third,
highest third and unknown. Income was unknown
if a parent, in the years before the oﬀspring’s suicide
attempt, died or was partly living abroad.
Trend tests were conducted using the number of
exposures as a single variable. The RRs were calcu-
lated for this variable and the values compared to RRs
in the model with the dummy variables.
The PAR was calculated by the method described
by Bruzzi et al. (1985).
Results
A total of 403 431 individuals were sampled from the
Danish Fertility Database. Among these, 3465 (0.8%)
were registered as having made a suicide attempt
(case) during the period from their 10th birthday to
31 December 2005. For male oﬀspring the mean
age of suicide attempt was 18.2 years and the median
18 years, and for female oﬀspring the mean age was
17.3 years and the median 17 years. In total, 72 765
individuals, including all cases and controls, were
analysed.
Table 1 shows the numbers of suicide attempts and
incidence rate ratios (IRRs) for the various risk factors.
There was a signiﬁcant correlation between parental
suicide attempt, death, psychiatric history and a low
level of income with the oﬀspring’s risk for suicide
attempt. Parental characteristics were signiﬁcant risk
factors for both genders. For male oﬀspring the IRRs
were in the range 1.56–4.71, and for females in the
range 1.44–3.67. In this study parental suicidal behav-
iour was the strongest risk factor for an oﬀspring’s
suicide attempt.
Table 1. Suicide attempt among oﬀspring and parental risk factors
Males Females
No. of cases/
controls IRR (95% CI)
No. of cases/
controls IRR (95% CI)
Suicide attempt
No 677/14 360 1 2514/53 311 1
Yes 61/400 3.23 (2.44–4.27) 213/1229 3.67 (3.15–4.63)
Death
Alive 681/14 075 1 2530/52 237 1
Died by suicide 8/35 4.71 (2.18–10.2) 18/165 2.25 (1.38–3.66)
Died by other cause 49/650 1.56 (1.16–2.11) 179/2138 1.73 (1.48–2.03)
Psychiatric history
No 536/12 757 1 2021/47 593 1
Yes 202/2003 2.39 (2.02–2.83) 706/6947 2.40 (2.19–2.62)
Income
Highest third 136/4886 1 572/18 076 1
Middle third 233/4725 1.77 (1.43–2.20) 814/17 897 1.44 (1.29–1.60)
Lowest third 362/4798 2.71 (2.21–3.31) 1314/17 195 2.42 (2.19–2.67)
Unknown 7/351 0.72 (0.34–1.55) 27/1272 0.62 (0.42–0.92)
IRR, Incidence rate ratio ; CI, conﬁdence interval.
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Table 2 shows the impact of cumulative risk fac-
tors on an oﬀspring’s risk for suicide attempts. ‘No
risk factor ’ present was set as the baseline. For both
genders the risk increased with increasing numbers
of risk factors. The presence of one risk factor almost
doubled the risk ; two risk factors almost tripled
the risk ; and three risk factors increased the risk
sixfold. The rate for four risk factors present should be
interpreted with caution because being exposed to all
four risk factors at the same time is very rare. The CIs
for one, two and three risk factors were not overlap-
ping, and therefore the crude RRs were at a signiﬁ-
cantly diﬀerent level. The adjusted analysis showed
the same pattern as the crude analysis, although
only for females were the conﬁdence levels non-
overlapping. Furthermore, the cumulative factor was
an independent risk factor after adjusting for con-
founders.
Table 3 shows the results from the analysis where
the original risk factors were added to the model
in which the number of risk factors was coded as
dummy. The analysis shows that only parental suicide
attempt and income remained signiﬁcant. The cumu-
lative risk factors, coded as dummy, were signiﬁcant
in this analysis, suggesting that the dose–response
eﬀect was not explained entirely by one of the risk
factors.
The trend test resulted in a b value of 0.5822,
p<0.0001. The baseline was zero risk factors and
the RR for one risk factor was 1.79 (RR=e0.5822=1.79),
for two 3.20 (RR=e2r0.5822=1.792=3.20), for three
5.74 (RR=e3r0.5822=1.793=5.74) and for four 10.27
(RR=e4r0.5822=1.794=10.27), which are not very dif-
ferent from the RRs shown in the ﬁrst column in
Table 4. The trend test suggests that the numbers of
exposures will increase risk in a multiplicative way.
The attributable risk for the four levels of the
cumulative risk factor was calculated and is shown
in Table 4. If the population was unexposed to the
cumulative risk factor, we would expect a reduction
of 31.9% in the incidence of suicide attempts. The
attributable risk for one risk factor was high because
of the high occurrence of individuals with only one
risk factor presence. If the risk for exposure to two,
three or four risk factors was the same as being ex-
posed to one risk factor, the attributable risk for the
four levels would be 26.4%. The diﬀerence in the two
PARs is 5.5%, so despite the high RRs, few suicide
attempts can be attributed to exposure to more than
one parental risk factor.
Discussion
This two-generation study demonstrated a signiﬁcant
correlation between parental suicide attempt, death,
psychiatric history, low level of income and an oﬀ-
spring’s risk for suicide attempt. Furthermore, there
was a dose–response relationship between the number
of exposures and the risk of suicide attempts, with the
increased risk seemingly being a multiplicative eﬀect
of individual risk factors. Although multiple risk fac-
tors raised the risk signiﬁcantly, only a few suicide
attempts were attributed to being exposed to multiple
parental risk factors.
Table 2. Suicide attempt among oﬀspring and cumulative eﬀects of parental risk factors
No. of risk
factors
No. of cases/
controls
Crude RR
(95% CI)a
Adjusted RR
(95% CI)b
Males
None 306/9091 1 1
One 274/4306 1.88 (1.60–2.23) 1.62 (1.35–1.94)
Two 116/1161 2.97 (2.37–3.70) 2.20 (1.71–2.83)
Three 41/200 6.07 (4.26–8.65) 4.00 (2.63–6.07)
Four 1/2c 15.3 (1.38–169) 3.58 (0.10–133)
Females
None 1167/34 193 1 1
One 994/15 840 1.84 (1.69–2.01) 1.68 (1.53–1.84)
Two 443/3851 3.37 (3.00–3.77) 2.63 (2.32–2.99)
Three 121/630 5.64 (4.60–6.91) 4.11 (3.25–5.19)
Four 2/26c 2.30 (0.55–9.71) 3.73 (0.87–15.9)
RR, Rate ratio ; CI, conﬁdence interval.
a Adjusted for age and calendar time by stratiﬁcation.
b Additionally adjusted for own psychiatric history and mother’s age.
c The rates should be interpreted with caution because of the low numbers.
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Before discussing these results further, it is perti-
nent to address potential limitations in this research.
Suicide attempts and risk factors were estimated on
the basis of routine registers. It has been noted by
Nordentoft & Søgaard (2005) that only 37% of all
suicide attempts were correctly registered in the
National Patient Registry of Denmark, although they
also concluded that, when given a contact reason code
E4, it reﬂected ‘ that the patient has inﬂicted self-
harm’. Therefore, we accept that not all suicide at-
tempts made by the cohort in the follow-up period
were detected. A consequence would be that the
present case-population is a selected subgroup of all
suicide attempters and that some suicide attempters
were used incorrectly as controls. Furthermore, al-
though all residents in Denmark have equal access to
health-care services with treatment free of charge, it is
probable that some persons who engaged in suicidal
behaviour did not seek treatment, and they would not
have been detected and would have been in the con-
trol group. It may also be pertinent that the Danish
suicide rate has, in recent decades, declined signiﬁ-
cantly (by 63.5% from 1980 to 2006; Centre for Suicide
Research, 2010), and part of the decline may be at-
tributed to changes in autopsy rates, whereby suicides
are recorded erroneously as unknown cause of death
(Nordentoft, 2007). Therefore, we expect the parental
suicide incidence to be underestimated.
In the crude analysis we found that the risk factors
increased risk at diﬀerent levels. Nevertheless, we
chose to weight each risk factor equally when creat-
ing the cumulative risk factor. This approach may
Table 3. Suicide attempt among oﬀspring and parental risk factors
Crudea 1 adjustmentb 2 adjustmentb 3 adjustmentb 4 adjustmentb
No. of parental
risk factors
None 1 1 1 1 1
One 1.85 (1.71–2.00) 1.84 (1.70–1.99) 1.84 (1.70–1.98) 1.84 (1.70–1.99) 2.04 (1.80–2.32)
Two 3.28 (2.96–3.63) 3.09 (2.77–3.44) 3.24 (2.92–3.60) 3.27 (2.69–3.73) 3.68 (3.15–4.29)
Three 5.74 (4.81–6.85) 3.93 (3.03–5.10) 5.70 (4.75–6.84) 5.54 (4.43–6.92) 6.45 (5.26–8.13)
Four 3.21 (0.97–10.6) 2.14 (0.64–7.2) 3.46 (0.97–12.3) 3.09 (0.93–11.3) 3.63 (1.10–12.1)
Suicide attempt
No 1
Yes 1.5 (1.22–1.83)
Death
Alive 1
Died by suicide 0.93 (0.59–1.45)
Other cause 1.10 (0.95–1.27)
Psychiatric history
No 1
Yes 1.04 (0.91–1.19)
Income
Highest third 1
Middle third 1.42 (1.31–1.59)
Lowest third 1.05 (0.91–1.21)
Unknown 0.67 (0.47–0.94)
Values given as rate ratio (95% conﬁdence interval).
a Test for reduction to trend : b=0.5822, p<0.0001.
b Adjusted for the factor shown below.
Table 4. Percentage attributable risk and 95% conﬁdence
interval (CI) associated with the cumulative eﬀect of parental risk
factors
No. of risk factors Attributable risk
One 16.8
Two 11.2
Three 3.9
Four 0.1
Totala (95% CI) 31.9 (29.5–34.4)
a The attributable risk would be reduced to 26.4% if the
risks associated with more than two factors were the same as
the risk associated with one factor.
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introduce a bias towards a dose–response eﬀect be-
cause individuals with multiple risk factors are more
likely to also have the more rare risk factors present
(e.g. parental suicide), which in this study is associated
with the highest risk, and individuals with few risk
factors are more likely to have the more common risk
factor present (e.g. low income), which in this study
is associated with lowest risk. Nevertheless, the dose–
response eﬀect could not be explained by any single
risk factor.
It is also important to note that, in the current study,
we chose to analyse general parental risk factors rather
than the oﬀspring’s clinical risk factors. It is reasonable
to assume that the correlation between the oﬀspring’s
clinical risk factors and a suicide attempt would be
strong, and therefore we would expect the eﬀect from
the cumulative clinical risk factors to be high, as seen
in the New Zealand study of Beautrais (1996). Indeed,
we adjusted for the oﬀspring’s own psychiatric ad-
mission history rather than including it among the
other factors, as psychiatric admission is probably a
mediator between parental background and a suicide
attempt (Sørensen et al. 2009).
Notwithstanding these caveats, it is of note that
the eﬀect of an increasing number of parental risk
factors had a multiplicative eﬀect on risk. How-
ever, the increase was by no means as great as that
suggested by the report of Beautrais et al. (1996),
probably because their study was very much clinically
based and it examined more common risk factors
among young suicide attempters. Furthermore, in
their study it was more likely for suicide attempters
to be exposed to more risk factors at the same time,
compared to our study. This describes the nature of
the risk factors, as the more clinical data, to be better
predictors for suicide attempts for young people.
Nevertheless, it is evident that all risk factors do
not warrant the same concern. Thus, the strongest
risk factors were those related to parental suicidal be-
haviour. These ﬁnding are not new; other studies
have shown similar results (Johnson et al. 1998). Other
studies have also shown parental psychopathology
(Mittendorfer-Rutz et al. 2008) and low income
(Fergusson et al. 2000) as risk factors for oﬀspring
suicide attempts.
The trend test shows that the form of the dose–
response eﬀect is multiplicative, although not in a
strong exponential way. Nevertheless, it demonstrates
that a reduction in the number of parental risk factors
signiﬁcantly reduces the risk of a suicide attempt in
oﬀspring. However, PAR analysis shows that, if the
dose–response eﬀect is eliminated, then the PAR is
only reduced by 5.5 percentage points. The reason
why the eﬀect from multiple risk factors on PAR is not
stronger is that only a few individuals were exposed
to multiple risk factors at the same time. In the present
study the strongest impact on PAR was not the
strength of the individual risk factor but simply the
number of risk factors that an individual had been
exposed to. This demonstrates the importance in clini-
cal assessment of taking into account the number of
risk factors, rather than the strength of any particular
individual risk factor.
Conclusion
The fact that the cumulative risk of those factors gives
a multiplicative impact has only been analysed in-
frequently, and clearly it has clinical implications.
Indeed, it is probable that clinicians over the years
would have understood intuitively the nature of these
ﬁndings. However, to more fully understand the
impact of cumulative risk factors in contributing to
suicidal behaviour, it is evident that not only clinical
and social factors more proximal to a suicide attempt
but also parental characteristics need to be considered,
as illustrated by the present results. Further research
incorporating these data could provide additional in-
sights into the multiplicative impact of multiple risk
factors for suicidal behaviour.
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